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We investigate vortex configuration in antiferromagnetic thin discs. It is shown that the vortex
acquires oscillatory dynamics with well-defined amplitude and frequency which may be controlled
on demand by an alternating spin polarized current. These findings may be useful for the emerging
field of antiferromagnetic topological spintronics, once vortex dynamics may be controlled by purely
electric means.
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I. INTRODUCTION AND MOTIVATION
Topological excitations play an important role in many
branches of physics, running from the low to the high
energy regimes, from micro to macro scale structures.
Currently, such excitations, like solitons, skyrmions and
vortices, have attracted a great deal of efforts for they are
claimed to be the key ingredients in novel mechanisms for
spintronic devices [1].
In microsized ferromagnetic (FM) discs vortex-like pat-
terns are observed as an in-plane close flux magneti-
zation, minimizing the dipolar energy at the borders.
This defines its chirality according to its flux is clock-
wise (Q = −1) or counter-clockwise (Q = +1). How-
ever, to minimize the exchange cost at the disc center,
the magnetization revolves against the plane, in a small
region of only a few exchange lengths, creating the vor-
tex core with two distinct polarizations, up (P = +1)
or down (P = −1). The pair (Q,P) is known to gov-
ern many fundamental properties of vortex-state in FM
micro- and nano-sized discs, such as its gyrotropic mode
[4], switching of the vortex core (polarity reversal) [5, 6]
and vortex-pair excitation. A number of technological
applications has been proposed as long as we may con-
trol one (or both) of these parameters on demand.
The scenario is quite distinct in antiferromagnetic
(AFM) systems where a vortex-like excitation appears
as a composed pattern of two anti-aligned sub-lattices,
presumably yielding a much more rigid structure with
no global dynamics, in clear contrast to what is veri-
fied for their FM counterparts. In addition, evidence of
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AFM vortex-like states is scarce whenever compared to
FM vortices. To our knowledge, they were firstly ob-
served by indirect ways, say, by inducing FM-ordered
spins in AFM discs [7, 8]. Later, direct observation of
imprinted AFM vortex states in CoO/Fe/Ag(001) thin
microsized discs (an AFM layer of an AFM/FM bilayer
system) has been reported [9]. In these systems, there
appears a FM-AFM exchange coupling, in such a way
that by measuring certain FM spin properties it provides
a probe for their analogues lying in the antiferromagnet.
In turn, once AFM systems are widely believed to play an
important role in the emergent field of topological spin-
tronics [1–3], further investigation upon AFM topological
states is mandatory. Namely, under what condition an
vortex emerge in an antiferromagnet and, whether and
how it could acquire a controllable dynamics by external
means are important questions to be answered. Along
these lines, a systematic analysis concerning the dynam-
ics of AFM solitonic-type topological excitations has re-
cently appeared in Ref. [10]. Among other findings, au-
thors claim that an AFM vortex may be put in motion
provided that both magnetic field and spin current are
applied. Although such an analytical procedure could
capture a number of important aspects concerning such
excitations in large and continuum systems, it remains
to be investigated how their structure and dynamics will
be affected in small and confined samples, where finite-
size effects are crucial even for their appearance as stable
configurations. Additionally, it should be mentioned that
whenever compared to other AFM topologic-like config-
urations, like domain-walls and skyrmions, the literature
dealing with AFM vortex-type excitations is still scarce
[3].
Here, we show that the vortex configuration in a thin
AFM disc may acquire dynamics only by applying spin
current. More interesting, the vortex core is observed
to oscillate with well-defined frequency and amplitude
whenever a driven spin polarized alternating current
(SPAC) is turned on. Its frequency and motion ampli-
tude vary accordingly the frequency and strength of the
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2current passing through the disc. This open us the pos-
sibility of practical control of AFM vortex dynamics by
pure electric means. Additionally, as the vortex moves
spin waves are emitted at the same frequency the mag-
netic dipoles oscillate, similarly to what happens to their
electric dipole counterparts. Therefore, by controlling
the AFM vortex dynamics one rises a novel mechanism
for generating spin waves with precise intensity and fre-
quency with complete electric control, what may be rel-
evant for AFM-based magnonic devices [13].
II. METHODS
Before presenting our model and its features, let
us briefly discuss how vortex-type configurations may
emerge in confined magnets. For that, let us consider
an AFM sample with two Néel sublattices. Minimization
of energy demands each moment of a sublattice must
be counter-aligned to its nearest-neighbors of the other
sublattice. In a continuum approach, where each dipole
has magnetic momentum M we take Mm1 and Mm2 to
account for the magnetization corresponding to each sub-
lattice. More effectively, one has the dominant staggered
magnetization (Néel field), n = (m1 −m2)/2, and the
uniform field, ` = (m1 +m2)/2. Since |m1| = |m2| = 1,
at equilibrium, staggered and uniform fields are perpen-
dicular each other everywhere, say, n ·` = 0. In addition,
one may use the equations of motion to cast out ` in fa-
vor of the staggered field alone, which shall describes the
magnetization states including its dynamics [10].
In turn, the appearance of a specific configuration
as the remanent ground-state in a finite-size magnet
comes about as the balance between exchange and
magnetostatic energies (say, for isotropic materials, in
which anisotropic cost may be neglected). In these
systems, effective magnetic charges are distributed in
their volumes and surfaces, given by ρm = −∇ ·M and
σm = nˆ ·M, where nˆ is the unit vector normal to the
borders at every point. [Indeed, in AFM systems such
charges come about mainly due to fluctuations in the
staggered magnetization, the N’eel field]. Therefore,
to minimize the magnetostatic cost the magnetization
tends to point parallel to the sample surface everywhere.
However, as one goes towards the disc center, exchange
energy density increases enormously (in a continuum
framework, it is scaled with r−2 , with r being the
distance from the disc center). Then, to regularize
exchange cost, magnetic moments tend to revolve
against the plane, developing out-of-plane projection, so
that exactly at the center it is perpendicular to the disc
face, as observed in confined discs comprising vortex-like
patterns.
In turn, an AFM vortex-type state may be faced as a
composite pattern with opposite polarity and chirality at
the sublattices, in such a way that both parameters iden-
tically vanish for the whole AFM vortex configuration at
equilibrium. This is the reason why its gyrotropic charge
also falls off jeopardizing any dynamics as a whole, like
the translational gyrotropic oscillation of the vortex core,
observed in the ferromagnetic counterparts [4, 5]. How-
ever, this cannot be understood as a vanishing dynamics
of the AFM vortex at all. Indeed, it has been claimed
that easy-axis AFM vortex, lying in a continuum and
large system, may be put to move by a combined appli-
cation of external magnetic field along with spin current
[10]. In what follows, we shall argue that an AFM vortex
comprised in a very thin disc may be driven to oscillate
around its equilibrium position by solely applying a suit-
ably spin current to the system. Our ’atomistic-type’
model is summarized by the following Hamiltonian[17]:
H = +J
∑
〈i,j〉
~µi · ~µj −
∑
α=1,2
∑
k
λα(~µk · nˆk,α)2 . (1)
In the first term, the sum runs over nearest-neighbors
(NN) magnetic dipoles, ~µ, and it accounts for the usual
exchange energy, favoring the anti-alignment of dipoles
since J > 0. The second term mimics the role of effective
magnetic charges at the borders (’magnetostatic-like
cost’, see discussion below). For α = 1 the sum over k
is taken along the entire disc face while for α = 2 such
a sum is restricted on the disc radius, say, sites where
their dipoles lies at a distance R from the disc center. If
we consider the face of the disc lying on the xy-plane,
then the normal unity vectors read nˆk,1 = zˆ,∀k while
nˆk,2 = rˆ, with rˆ = ~r/|~r| = (xxˆ + yyˆ)/|~r|. It should be
emphasized that Hamiltonian (1) has been successfully
applied to study vortex structure in ferromagnetic discs
[11].
In addition, it is augmented by simulated annealing,
which yields the dipoles to an equilibrium configuration
at a given finite temperature, and eventually spin dy-
namics to relaxing the system down to zero temperature,
when the dipoles should presumably remain stationary.
Although such a condition is expected to occur at the
’bulk’ (say, the internal part of the thin disc) perhaps
the same does not takes place at the borders, where
non-trivial boundary conditions come about. Indeed,
if the dipoles at the borders cannot reach the static
equilibrium, then their fluctuations there could account
for the ’artificial’ magnetostatic cost inserted in the
Hamiltonian above[18]. By adjusting parameters J and
λα one gives rise to both curly-type and divergent-like
vortices, which is an important feature of the model
above, once such sorts of distinct vortices do appear
in thin AFM discs. More precisely, FM-AFM bilayers
of single-crystalline NiO/Fe/Ag and CoO/Fe/Ag
2-µm-diameter discs have been observed to support
curly-type AFM vortex whenever the oxide layer is very
thin, say, ∼ 0.6nm, while a divergent vortex takes place
if the thickness is increased to around 3nm [9]. Figure 1
display their profiles: while in a curly vortex the dipoles
tend to be parallel to the disc border, at r = R, divergent
vortex dipoles appear to point in/outward this border.
3(a) (b)
(c) (d)
FIG. 1: (Color online) Curly- and divergent-type AFM vortex
profiles, panels (a) and (b), respectively.Both patterns have
been observed in very thin AFM microsized discs, reported
in Ref. [9]. Intermediate states, known as onion-like config-
urations, show up interpolating curly and divergent vortices.
Two of these patterns are shown in panels (c) and (d), ob-
tained with λ2/J = +0.4 and λ2/J = +0.6, respectively.
Such states have not been observed in AFM systems by now,
although their FM analogues have shown up in certain con-
fined geometries.
In our simulations we have fixed λ1/J = +0.05, so that
curly vortex has emerged as the ground-state of very thin
AFM disc whenever λ2/J ≥ +0.8, while divergent-like
pattern is favored whenever λ2/J ≤ −0.8. For inter-
mediate values, −0.8 < λ2/J < +0.8 onion-type states
also show up. Such states resembles a pair of half-vortex
each of them comprised along a half disc, see Fig. 1. [We
may wonder whether such states could be observed in
similar systems as those reported in ref.[9], for instance,
CoO/Fe/Ag 2-µm-diameter discs but with thickness
around 1− 2nm]. In addition, they are the predominant
ground-state whenever −0.35 < λ2/J < +0.35. The
vortex configuration so emerged may be viewed as
a composite structure of a pair of sub-vortices each
of them associated with one AFM sub-lattice. Each
sub-vortex has a pattern quite similar to its counterpart
in a FM disc, but they always appear with opposite po-
larity and chirality each other, yielding net vanishing of
such quantities for the whole AFM vortex at equilibrium.
After having stabilized the vortex configuration in the
thin AFM disc, we depart to study its dynamical prop-
erties. For that we employ Landau-Lifshitz-Gilbert-like
equation augmented with the spin current torque on the
dipoles (Berger-Slonczewski term), as below:
d
dt~µi = −γ~µi ×Heff − α~µi ×
d
dt
~µi + ~τi , (2)
~τi = p
νcell
2e
[
(~ · ∇)~µi + β ~µi × (~ · ∇)~µi
]
, (3)
where Heff = − 1µ dd~µiH is the effective local field acting
on dipole ~µi while α is the Gilbert damping parameter
(we have set α = 0.1 in our simulations). ~τi is the spin
transfer torque applied on ~µi, where p is the spin current
polarization (p = +1 for up while p = −1 for down
electrons; we have taken p = −1 in our calculations);
νcell = a
3 is the unity cell volume of the material (a ∼ Å,
is the cell lattice spacing); e > 0 is the magnitude of
the fundamental charge; β is the non-adiabaticy factor
(we have fixed β = 0, once no spin torque damping has
been considered in our study). Note that no external
magnetic field is applied to the AFM vortex lying on the
thin disc.
Firstly, a spin polarized direct current (SPDC) is ap-
plied to the disc along the x-axis, ~ = 0xˆ. The resulting
displacement of the vortex core is plotted against its en-
ergy in Fig. 2. As may be realized, its energy increases
with x2 for relatively small displacements, and departs
from this harmonic behavior for large x’s. Whenever the
vortex core is pushed against the border it is eventually
destroyed and its energy quickly fall off.
FIG. 2: (Color online) Shows the AFM vortex energy (relative
to its energy at the disc center as function of its core position
along x. For small displacements around the equilibrium po-
sition the energy goes with x2 (blue curve), but deviates from
such a behavior far from the disc center. Whenever the spin
current torque pushes the vortex core against the disc bor-
der, it is eventually destroyed and its energy falls off rapidly,
marked by the red traced vertical line at x ≈ 35a. Here, we
have taken 0 = 0.2 and disc radius R = 40a.
4(a) t = 0.0 (b) t = T/4
(c) t = T/2 (d) t = 3T/4
FIG. 3: (Color online) The harmonic oscillatory dynamics
of the AFM vortex core driven by SPAC applied along x-
axis (horizontal direction). Panels (a)-(d) show the vortex
position at different time while its core displacing along x-
axis (T is the period of a complete cycle). At the bottom
panel it is plotted vortex core position as function of time
for a number of cycles, clearly showing that the driven vortex
dynamics is kept while the current is applied. The inset shows
the amplitude of the oscillation against the SPAC frequency,
ω. Notice that the core oscillates at the same frequency as
the current one, ωvortex = ω = 0.03J .
III. RESULTS AND DISCUSSION
Now, we depart to study the AFM vortex dynamics.
For that, a spin polarized alternating current (SPAC),
~ = 0 cos(ωt)xˆ, is then turned on and it trespasses the
disc along x. For numerical purposes, we have set p = −1
(a) t = T/4 (b) t = T/2
(c) t = 3T/4 (d) t = T
FIG. 4: (Color online) The circular oscillatory dynamics of
the AFM vortex core driven by two SPAC’s applied along
x and y directions. Panels (a)-(d) show the vortex position
at different times (T is the period of a complete cycle; for
T = 0 the vortex position and pattern are the same as in
Fig. 3). At the bottom panel the vortex core position is
plotted as function of time for several cycles. The inset shows
the amplitude of the oscillation against the SPAC frequency,
ω. The core oscillates at the same frequency as the applied
current one, ωvortex = ω = 0.03J .
and we have used 0 = 0.2 and ω = 0.03. This causes the
AFM vortex pattern to oscillate along the current direc-
tion at this same frequency, ωvortex = ω. The vortex core
amplitude is controlled by suitable choice of the current
strength, 0. Fig. 3 shows a number of frames of the
vortex oscillation along with its position against time. A
better visualization of the vortex dynamics itself may be
found in Movie 1 (Supplementary Material).
Once the vortex motion is driven by the SPAC, we
5may apply a second current, along y, ~y = 0 sin(ωt)yˆ, in
order to produce a circular oscillation of the vortex core,
resembling the well-known girotropic motion observed
for FM vortex (see discussion below). Fig. 4 shows a
number of frames of the AFM vortex circular motion
(Movie 2, Supplementary Material, presents its complete
dynamics in more details). We should remark that the
present AFM vortex oscillation driven by SPAC should
not be confused with the girotropic dynamics observed
for vortex-type excitations lying on FM discs and similar
geometries. This is a mechanic-like motion which can
be induced by several means, including magnetic field
and spin torque effects[15]. Namely, girotropic frequency
depends upon the material and geometry of the sample
and it ceases slowly by damping effects. AFM vortex
oscillation driven by alternating current is a more rigid
dynamics which ceases abruptly whenever the SPAC is
turned off.
That we have a genuine vortex driven dynamics in-
duced by an alternating current may be also realized by
adopting a collective coordinate approach, bi = (bx, by),
like that presented in the work of Ref.[16]. Indeed, taking
this approach to the AFM vortex core, we obtain[19]:
mb¨i = Fi , (4)
where Fi = (Fx, Fy) are the components of the effective
force acting on the vortex core. Such a force is propor-
tional to the applied SPAC, so that the core dynamics
is identical to that of a harmonic oscillator system lying
on the xy plane.
IV. CONCLUDING REMARKS
In summary, we have shown that vortex-type con-
figuration lying on antiferromagnetic thin discs may
be put in motion only by applying a spin polarized
current throughout the sample. More specifically, we
have realized that the application of a spin polarized
alternating current drive the vortex dynamics to oscillate
in a controlled way. Actually, vortex core amplitude and
frequency may be adjusted on demand just by tunning
the strength and frequency of the applied current.
Therefore, despite the widely belief of a rigid structure
of antiferromagnetic vortices, our findings not only
put forward the possibility of vortex dynamics, they
have also shown that such a motion may be completely
controlled by purely electric means. Additionally, AFM
vortex oscillation may be used to produce spin waves
(magnons) with well-defined frequency and intensity,
making the present system also relevant to magnonic-
based mechanisms, as recently raised in Ref.[13]. Finally,
we claim that our findings may be useful for the emergent
field of antiferromagnetic spintronics, which is widely
based upon the utilization of topological-like excitations
as the key ingredients for novel spintronic mechanisms.
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